Abstract. In this paper we describe how an evidential-reasoner can be used as a component of risk assessment of engineering projects using a direct way of reasoning. Guan & Bell (1991) introduced this method by using the mass functions to express rule strengths. Mass functions are also used to express data strengths. The data and rule strengths are combined to get a mass distribution for each rule; i.e., the first half of our reasoning process. Then we combine the prior mass and the evidence from the different rules; i.e., the second half of the reasoning process. Finally, belief intervals are calculated to help in identifying the risks. We apply our evidential-reasoner on an engineering project and the results demonstrate the feasibility and applicability of this system in this environment.
Introduction
Due to the high costs of failure of projects the demand for efficient risk assessment approaches have dramatically increased for the last few years. Different types of risks are being faced in daily life such as health risks, communication risks, management risks, e-commerce development risks and engineering risks. Risk assessment involves finding some allocation of belief by using an uncertainty value (usually probabilities) to risk factors before multiplying this by a loss factor (which shows how much a definite failure would cost). In the present study we are not considering the loss factor and are simply trying to estimate the chance of failure. We focus on using a generalization of probability (evidence theory) to capture the uncertainty value of risk calculation. The risk assessment of engineering projects is discussed in this study.
Previously, we showed how e-commerce developments are usually complex and unpredictable [8] . The Standish Group CHAOS Report in 2004 indicated that 53% of software projects were unable to deliver on schedule, within budget, and with the required functions, while 18% of the software projects were cancelled [9] . This stresses the fact that software projects pose various risks and daunting tasks for many organizations [4] . Addison [1] used a Delphi technique to gather the data from 32 experts and to rank the 28 risks for EC projects. In another attempt a risk analysis model for the assessment of risk in EC development using a fuzzy set approach is proposed and incorporated into the fuzzy decision support system (FDSS) [7] . However, FDSS is not be able to test it with real life EC projects, and variables membership functions need to be as realistic as possible.
Similarly, the engineering industry is also plagued by various risks, and poor performance has often been the result. Although risk management techniques have been applied, the lack of a formalized approach has produced inconsistent results. Car and Tah [3] present a hierarchical risk breakdown structure to represent a formal model for qualitative risk assessment. They present the relationships between risk factors, risks and their consequences on case and effect diagrams. Zed and Martin [12] use the PERT approach to develop a linear model for the assessment of contractor data. The model incorporates multiple ratings permitting the uncertainty in contractor data to be evaluated. Baloi and Price [2] develop a fuzzy decision framework for contractors to handle global risk factors affecting construction cost performance at a project level. All these attempts are reasonable but not enough to handle vague, incomplete, uncertainty or inexact information. Also construction projects are becoming increasingly complex and dynamic in their nature, and the introduction of new procurement methods means that contractors have to rethink their approach to the way risks are treated within their projects and organizations.
In the above mentioned literature for engineering environments the basic problem is to handle uncertainty. In such situation where analysis is highly subjective, the Dempster-Shafer theory of evidence has an advantage. In this paper, an evidential reasoning based system is used to assess the risk in engineering projects using a direct way of reasoning in a single step [5, 6] . This is actually an extension of the DempsterShafer theory of evidence.
Section 2 presents a direct way of reasoning in single step and the risk assessment results using a case study is presented in section 3. Finally, conclusions are in section 4.
Reasoning in a Single Step
In an expert systems evidence is some times associated with a group of mutually exclusive hypotheses but details are not provided about the individual members of the group. So an appropriate formalism for representing evidence should have the ability to assign beliefs to (not necessarily disjoint) sets of hypotheses and to combine these beliefs in a consistent way, when they represent evidence from different sources. The Dempster-Shafer theory of evidence is one such formalism. In this theory, beliefs are assigned to subsets of a set of mutually exclusive and exhaustive hypotheses, and Dempster rule is used to combine beliefs coming from different sources of evidence [5, 6] . The subsections below describe the procedure for direct reasoning about situations where we have a knowledge base of (uncertain) rules, and (uncertain) data which triggers them becomes available. We use mass functions in the DempsterShafer theory to express uncertain relationships.
Knowledge Base and Rule Strengths
Consider a frame of discernment with 5 exhaustive and mutually exclusive hypotheses } , , , , {
roughly representing the degrees of likelihood of a negative effect on the project completion.
Consider a particular source of evidence 1 e e.g., "inadequate cash flow", which comes from an interview with the engineering project manager for the "New Library" project. We can obtain a general rule which uses this evidence, when present indicated by } { 1 e , strongly supports } , , { 
Guan and Bell [5, 6] 
= on the power set of hypothesis space Θ to express the rule strength for each subset E of the evidence space Ξ . Yen [10, 11] 
for each element e of the evidence space to express the rule strength. This means that Guan and Bell [5, 6] 
have generalized Yen's subset-probability-pair-collection-valued (s-p-p-c-v) mapping to a subset-masspair-collection-valued (s-m-p-c-v) mapping. The s-m-p-c-v mapping
such that for every non-empty are the focal elements of
, where Ξ is an evidence space, Θ is a hypothesis space, and Γ is a s-m-p-c-v mapping from the power set Ξ 2 of evidence space Ξ to hypothesis space Θ (more precisely, to
Also, a rule can be expressed by a collection of 1 →
is an evidence space and 
For example informally the confidence we have that adequate cash will be available is about 8 in 10. So we refer to these inputs 1 e and 2 e as 'data' to be used with the rules and the data has strength associated with it.
Evidence Combination Rules
Now, if 1 μ and 2 μ are two mass functions corresponding to two independent evidential sources, then the combined mass function 2 1 μ μ ⊗ is calculated according to Dempster rule of combination:
Finally, belief intervals are determined using the two pieces of evidence, "inadequate cash flow" and "shortage of machinery" for "New Library" project, the overall project risk is " medium h = } { 3 " 
Risk Assessment
We have developed an evidential reasoning based system and we test it using the potential risk factors associated with engineering projects. These risk factors are based on interview with engineering personnel. The second and third columns in table 1 present the names of 8 engineering projects and pieces of evidence (risk factors) respectively. In the evidential-reasoner, all possible hypothesis (e.g., VeryLow, Low, Medium, High, VeryHigh) and pieces of evidence (risk factors) are provided by the user as input method. For example the "New Library" project in the first row of table 1 has 10 pieces of evidence. In the evidential-reasoner the user can select two types of evidence: data (i.e. direct evidence) or data + rule. We have developed a rule database and assign rule strength to each rule. However, the user can also edit the rules strengths dynamically. After collecting all pieces of evidence related to a particular engineering project, we combine prior masses and different rules using our direct way of reasoning (i.e. extended Dempster-Shafer theory) for the best supported decision. The last three columns in table 1 present the summary of the results for the engineering projects. For example, the result for "New Graduate Research Centre" project using 10 pieces of evidence is demonstrated in figure 1 with the help of pie chart. The conclusion is for this particular project is: the overall project risk is "Low" with the belief intervals [bel, pls] = [0.6328, 0.6466] and ignorance = 0.0138. 
Conclusions
Evidence shows that both clients and developers suffer significant financial losses due to poor risk management in engineering projects. In this paper, we have used an evidential reasoning based system using a direct way of evidence reasoning with an extended Dempster-Shafer theory for the risk assessment of engineering projects. In this method, mass function is used to express rule strengths for subsets of the evidence space. The system is tested using 10 risk factors from interviews with project staff on engineering projects. The results of the evaluation show the viability of the approach to the uncertainty handling aspects of risk assessment using evidential reasoning.
